Two positive and negative selectable markers were created for use in mammalian cells. They are based on two genes for the resistance to Blasticidin S (BlaS) and on the thymidine kinase (Tk) gene of herpes simplex virus (HSV). The markers can be selected positively by their ability to induce BlaS resistance and negatively on the induced sensitivity towards gancyclovir (GANC). Both constructs are also expressed in Escherichia coli and transfer BlaS resistance to this organism as well, making these markers very suitable for the construction of shuttle vectors.
Markers that are selectable both positively and conditionally negatively have a lot of advantages in biotechnological applications where a gene has to be excised after its use. This is routinely done in gene transfer in plants (1) and is highly desirable in gene therapy. The use of the Cre/LoxP (2) and FLP/FRT (3) systems has enormously increased the use and practicability of this kind of marker gene (4) .
In eukaryotes three widely used genes can be selected for and against: HPRT (5,6) (and its prokaryotic counterpart gpt; 7, 8) , the thymidine kinase (TK) gene of herpes simplex virus (HSV) (9, 10) and the codA gene of Escherichia coli (11, 12) . Despite their broad distribution these systems have their drawbacks. The positive selection of HPRT and Tk needs the availability of minus mutants of the recipient cell lines and the negative selection on gpt is not quite as stringent as desired in some cell lines. The positive selection of codA uses the drug N-(phosphonacetyl)-L-aspartate (PALA) which is not commercially available.
A suitable solution came with the construction of fusion constructs that combined the very efficient negative selection that is possible with the Tk gene with the well established positive selections of the hygromycin phosphotransferase gene (Hygro) of Streptomyces hygroscopicus (13) and the neomycin phospotransferase (neo) of Tn5 (14) . The Tk gene was fused 3′ of the Hygro gene and 5′ of the neo gene.
In this paper I describe the construction of two new fusion markers, both are based on the well established Tk gene for negative selection. The positive selection is on two known genes for Blasticidin S resistance, bsr from Bacillus cereus (15) and BSD from Aspergillus terreus (16) . These markers are applicable in a wide range of cell lines (17) (18) (19) (20) . Since not all cell lines can be selected with bsr-expressing constructs (18) , both genes for the Blasticidin S resistance were fused with the Tk gene increasing the range of cell lines, which may be selected for.
As intact N-termini of the bsr and BSD gene products are not necessary for the functionality of the proteins (15, 16) , the Tk gene was fused 5′ of these genes. This approach proved to be successful for both genes. The construction was based on the vector pPRTKNEO ( Fig. 1A ; ref. 21) , in this vector the expression is driven by the Tk promoter in eukaryotes and the kanamycin (Km) resistance gene promoter of Tn5 in prokaryotes. The first 11 amino acids (aa) of the Km gene were fused to the Tk gene of HSV and the complete neo gene is fused 3′ to this moiety. The Tk and neo part of this fusion are separated by six bases forming a SpeI site. The 3′ LTR of Moloney murine leukemia virus provides the poly-A signal. This construct confers Km resistance in E.coli and neo resistance as well as gancyclovir (GANC)-sensitivity in eukaryotic cells (21) . The vector was cut with SpeI and ClaI and the neo gene was substituted with the BSD and bsr fragments obtained by PCR on plasmids pMAM2BSD (18) and pSV2bsr (22) respectively (Fig. 1B and C) . For the PCR reaction the following oligos were used:
The restriction sites for the enzymes used are underlined (SpeI and ClaI). The ligation mix was electroporated into E.coli and plated on plates containing 50 µg/ml ampicillin and 100 µg/ml BlaS. The plasmids thus obtained were named pPRTKBSD and pPRTKbsr.
To obtain an increased expression in cell lines the fusion genes were also cloned under the control of the SV40 promoter ( Fig. 1D and E). For these constructs the BglII-HindIII fragments of pPRTKBSD and pPRTKbsr were cloned into the expression plasmid pSBC-2 (23) cut with BamHI and HindIII, giving rise to the plasmids pSBCTKBSD and pSBCTKbsr. These plasmids proved to express the fusion protein in E.coli efficiently enough for direct selection.
Tel: +49 89 7099529; Fax: +49 89 7099500; Email: karreman@gsf.de For the selection of eukaryotic cells various concentrations of BlaS were used. Selectivity was reached at concentrations of 1 µg/ml. No control cells survived the ninth day of selection. The primary construct containing the Tkbsr fusion gene under control of the Tk promoter did not confer BlaS resistance to NIH 3T3 cells. The same fusion gene under the control of the SV40 early promoter gave rise to a reasonable number of clones. The BSD gene fused to the Tk moiety was able to induce BlaS resistance in NIH 3T3, both under the control of the Tk promoter or the SV40 promoter. The constructs harbouring the SV40 promoter induced higher BlaS resistance than those harbouring the Tk promoter. Cells with the BSD moiety were up to four times as resistant to BlaS (4 µg/ml) as cells with the bsr moiety.
To test the functionality of the Tk moiety, cells were selected for BlaS resistance and subsequently diluted into GANC containing media. GANC concentration was varied from 1 to 32 µM. For cells transfected with the original plasmids pSV2bsr or pMAM2BSD medium with concentrations of GANC up to 32 µM was not cytotoxic. The cells expressing the fusion constructs all showed a remarkable decrease in resistance (Table 1) . Lethal concentration was defined as that concentration where no colonies grew 1 week post seeding. Almost all transfected cells died uniformly at the concentrations indicated, only the cells transfected with pPRTKBSD behaved differently. The bulk of these cells died at 8 µM GANC but only at 32 µM GANC did no colonies form after 1 week.
These experiments show a marked difference between the two vectors used. The constructs with the SV40 promoter gave more colonies in NIH 3T3 cells than the corresponding TK-promoter plasmids. The colonies produced with pPRTKBSD and pSBCTKBSD also show a different sensitivity towards GANC. The cells transfected with pPRTKBSD form colonies that can only be killed by very high concentrations of GANC. A possible explanation is the efficiency of the BSD moiety (18) combined with the apparent weak expression allowed by the pPRTKBSD construct. Even cells expressing low amounts of protein will be protected against BlaS, but will have only a small increase in GANC-sensitivity. The various plasmids used in this work and their effects in NIH 3T3. The number of clones is given relative to cells transformed with pMAM2BSD. Standard concentrations of antibiotics were 1 µg/ml BlaS and 1 mg/ml neo. The plasmid pPVETKNE (21) is a positive control as it has the non-fused TK-gene under the control of a very efficient promoter consisting of the TK promoter fused to two tandem enhancers of polyoma virus.
bsr gene expression driven by a weak promoter results in no colonies at all, when selected with BlaS. The use of the SV40 promoter is necessary for formation of BlaS resistant colonies. These colonies uniformly produce a large amount of protein as can be concluded from the value for GANC sensitivity. Probably only cells exhibiting a very high expression of the bsr moiety survive the BlaS selection. These cells show the expected sensitivity towards GANC.
In conclusion, both fusions are suitable for the positive and negative selection of transfected cells, whereby the construct choice depends on the kind of selection one needs to perform. The TkBSD fusion is superior to the Tkbsr fusion if low expression is expected, as the positive selection is very efficient. When Tkbsr is used, a very low dose of GANC is sufficient to select against its expression but the number of clones that can be obtained after BlaS selection can be restrictive.
